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1. Introduction

The success adny languagebe it for implementationsor specificationsjs very often directly
related to the availability and quality of tools that supjitort Implementershave beenthe beneficiaries
of tools such as integrateddevelopmentenvironmentsfor quite sometime. Specification writers,
however,havenot beenas lucky. It is the rare specificationlanguagethat is supportedby a full
developmentenvironment. This is quite unfortunatesince suchtools are usually accompaniedby
increasesn both efficiency and correctness. They do so by not only offering all the featuresof
traditional standalone components (i.e. editors and spec processoks),dulditionally offering features
which only become possible when the components become integrated. Some examples of these are:

« hierarchical navigation of specifications

e syntax directed editing

e on-line syntax documentation

e automatic logic expression formatting

e ability to jump directly to error locations

ASTRAL [CKM 94] is a formalspecificationlanguagefor real-timesystems. It is intendedto
support formal software developmentand, therefore, has been formally defined. The structuring
mechanismsn ASTRAL allow one to build modularized specificationsof complex systemswith
layering. A real-timesystemis modeledby a collectionof statemachinespecificationsand a single

global specification.

The ASTRAL Software DevelopmentEnvironment(SDE) is an integratedset of designand
analysistools basedon the ASTRAL formal frameworkthat incorporatesall of the aboveitems and
moreinto a single package. The tools that make up the supportenvironmentare a syntax-directed
editor, a specificationprocessora verification condition generatoranda browserkit. This document
describes the features and use of the ASTRAL SDE.



2. Navigation

The SDE operates in one of two modes: specification mode for workismgle specifications
and composition mode for working with multiple specificatiamsl compositionspecific clauses. The
functionality of the two modes is identical excépt the items discussedn section6. The initial and
customarymodeof operationis specificationmode. Figure 1 showsthe SDE on startup. The most
importantfeatureof the figure is the navigationwindow. The navigationwindow allows the userto
hierarchicallytraversethe currentspecificationor compositionand perform various operationson the
location displayed. To simplify the discussionthroughoutthe remainderof the manual, the term
“navigation object” will be usedto refer to the current object being hierarchically displayedin the
navigationwindow (i.e. the currentspecificationif the SDE is in specificationmode or the current
composition in composition mode)At startup,the window showsthe highestlevel of abstractionin
specification mode known as the specification level. No&tlevel in this instancerefersto the level
of the specificationandnot the level of refinementin an individual process. The specificationlevel
shows the name of the global section and the names of all processes definadvigagonwindow is
arrangedhierarchicallymeaningthat most of the items listed can be selectedand the display moved

“down” to a finer level of detail or “up” for a coarser view.
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Figure 1. the ASTRAL Software Development Environment



Figure 2 shows the specification mode hierarchy of the navigation window which is not
coincidentally identical to the hierarchy of ASTRAL specifications. Wherever a parent-child relationship
exists in the tree, there exists some it@nthe navigationwindow whenin the parent’slevel that can
be doubleclicked on to moveto the child’'s level. For example,to seea particular processin finer
detail, double click on the name of that process in the specifidati@h The navigationwindow then
lists the namesof all refinementlevelsin that process. Similarly, to move up the tree,the topmost
item in the navigation window (which will be the nametloé currentnavigationwindow level) canbe

double clicked on and the parent level will be displayed. Double clicking is nohthevay to change

levels. Directly beneath the navigatisindow arean up anda down arrow ALY Thesearrowswill

only appeamwhentheseoperationsare availablefor the currently selectedtem. For examplewhena

process is selected at the specification level, the down arrow will appear because a process cam be seen
finer detail but the up arrow will not because the specificdtigal is the highestlevel possiblein the
specificationmodehierarchy. To move down from a particularitem, selectit andclick on the down

arrow. The up arrow has no relation to the cursshectionof the navigationwindow andwill always

move up to the parent'slevel. Thereis no situationwhenthe arrowscan be usedwhile the double

clicking methodcannotalthoughin certaininstancessuchasin lengthy transitions,it may be more

convenient to just click the up arrow than to scroll up and double click the transition name.

From a navigation perspective, a “down” at the leave®tsa valid operation. Sinceall leaves
are text, however, this has been made a convenient location to itneo&ditor. Similarly, an “up” at
the root invokes the editor on the root node’s name. Unlike the up and down drooweser,thereare
places (i.e. interior nodes with user defimaines)wheredoubleclicking cannotbe usedto invoke the

editor since it already functions to move down a level. In these ¢dheggeem must be selectedwith a

single clickandthe *Edit’ button il at the bottom of the SDE pressed. Note that this technique
also works for the leaf nodes but is usually not as convenient. EBite button will be “grayed” (i.e.
unavailable) if the selected item cannot be edited. Note that in multi-line text setttmaditor cursor

will be automatically moved to the line which was double clicked on to invoke the editor.
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Figure 2: the navigation hierarchy

3. Editor

Although the editoi(figure 3-1) providesonly the most basicfunctionality of commongeneral
purposeeditorssuchasvi or emacsit is rarely the casethat an ASTRAL sectionis so large as to
require the same level of functionality that such general purpose editors préate.importantly, the
syntax checking, automatic formatting, and on-kyataxdocumentatiorof the SDE editor more than

compensate for this shortfall.

3.1. Editing

The editor is simple to useThe cursoris movedwith the arrow keys or a single mouseclick
andthentext is enteredor deleted. Cutting and pastingis accomplishedusing standardX-Window
techniques. First, a portion of text is selected by either pressing the left mdt@gat the beginning
of the block and releasing it at the end of the block or by using selection shoffti#seshortcutsare

a double click to select a word, a triple click to select a line and a quadruple click to select all text. After



a selection is made, the selected block is deleted by pressing either the dedetespacdey or canbe
replaced by entering the replacement text diremtipastingit in from anotherlocation. To pastetext
from another window or another part of the editor, séteanove the mousepointerto the appropriate
insertion locatiornwithin the editor andclick the middle mousebutton. The editor also supportsdrag
anddrop, so text may be moved by selectingit, “dragging” it with the middle mouse button, and

releasing the button when the pointer is in the desired location.

3.2. True selection

All of the well formed formula sections (i.e. those that are logic expressions and not declarations)
are createdwith defaulttext of “TRUE”. Unlessthe user explicitly changesthem, they will remain
“TRUE” throughouttheir lifetimes. Whenthe editoris invoked on a sectionthat has“TRUE” asits
text, the “TRUE" is automatically selected so that any text entered will replace it. Since this will be the
desired actionin almostall casestrue selectionrelievesthe userof havingto do this manuallyevery

time.

3.3. Syntax-directed editing

All editableitems in the SDE are associatedvith a specific grammar, whether the simple
alphanumeric constraint on names or the complex grammars of well formed forritiliasighthe use
of thesegrammarsthe editoris ableto parseits currenttext andindicate the presenceor absenceof
syntactic errors. If the user is unaware of the exact syntaxse€tion,the ‘Help’ button displaysnot
only the corresponding grammar but also other pertiméotmation aboutthe item being edited. The
‘Cancel button will exit the editor and leave the text unchanged. When the text is caitieatespect
to its grammar, theOK’ button is available at the bottom of the editor. Whesyataxerroris found,
however, theParse Error’ button is displayed instead. In addition, the line that is beli¢wezbntain
the error is underlined. Note that this line is only an approximation to where the error is locatad. |f,
example, the parenthesis are unbalantiezlparserhasno way of knowing this until the last line has
been processed so it reports the error at the last line (and hencedhbdine underlinedby the editor).
In most other cases, however, the line underlined will be either theriihethe actualerror or the line

immediately following the error. Figure 3-1 shows the editor window.

3.4. Formatting

When the OK’ button is pressed, the text in the editor replaces the text the edismriginally

invoked on. Before the text is replaced, however, theteenis automaticallyreformattedinto a fixed



format. Such formatting is a very useful feature for specificationwriters. When first writing
specifications, it is much more important to be concerned with the coathatthan the readability of
the specification. Thisloesn'tmean,however,that readabilityis unimportant. In fact, an unreadable
specificationis likely to contributeunnecessargonfusion,errors,andadditionsto developmentime.
Manualformatting, however,is alsolikely to impactdevelopmentime, especiallyduring the initial
designstageswhen changesarelikely to occurfrequently. In the sameway as word wrap (which is
turned on in the editor fathis very reasonas well) in word processorsllow writersto concentrateon
their wordsinsteadof whereto placecarriagereturns,so automaticformattingin the SDE allows the
specifier to focus not on how the specification is entered but on what it says. Figures 3-2 stmalv
before and after formatting snapshotof a randomtext segment. The main disadvantageof fixed
formattingis that the format cannotbe changed. The programmedormatis readableesnoughand the

other benefits so great, however, that this lack of flexibility seems insignificant.

FORALL t: Time! Call ¢ Pickup, t K =»  “past { Offhook ., t 33
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Figure 3-1: before formatting



FORALL t3 Time ¢ Call ¢ Pickup, t )
->  “past { Offhook, t ) )
& FORALL t¢ Time ( Call { Hangup, t )
->  past { Offhook, t ) )
& FORALL t+ Time ¢ Call ( Enter_Digit, t )
=>  { past ( Dialtore, t )
| EXISTS t1s Time,
n: Integer {2 <=n
knd=7
& Call [ n] ( Enter_Digit, t1)
& past { Dialtone, t1)
& FORALL t2: Time  t1 <= t2
ht2 <=t
- past { Offhook, t2) ) ) ) )
& FORALL t¢ Time ( Call [ 21 { Pickup, t )
=> Call { Pickup} -Call [ 21 {Pickup?} >=1)

Figure 3-2: after formatting

One advantage of fixed automatic formatting which isimohediatelyobviousis thatit allows
the userto catchdifferenttypesof semanticerrorsthat might otherwisego undetectedn specification
analyzers. Figures3-3 and 3-4 show a portion of a specificationwith two possibletrouble spots.
Figure 3-3 shows what was entered while figure 3-4 shows what was most likely desired. Enefirst
(lines 3-10)occurredbecauserecedenceules were neglected. After formatting, the usercaninstantly
seethe logical precedencef the expressiorand verify its validity. The seconderror (lines 22-23) is
easierto spot. After a chainof three“*FORALL t”, the last FORALL is not within the samescope
which points to a misplacedparenthesis. Theseerrorswould most likely go undetectedwvith manual
formatting because the user would format them as it was asshmedere written, which wasin this

case incorrect, even though the text was in fact, both type correct and syntactically correct.



FORALL t3 Time,
L+ Connection,
S: Connection_Status ( Call ( Receive_Long Distance (L, S) , t)
=> 5= In_Progress
& Call ( Start_Long_Distance { L, 5) , t)
=> 5 = Connected
& Call { Start_Talk 2 (L, 5),t)
= S=Talk
& Call { Terminate_LD Call 2 (L, S}, t)
=> 5= Available )
& FORALL t: Time,
L+ Connection { Call { Terminate_LD_Call_2 { L, Available } , t)
- EXISTS t13 Time ( t1 <t
& ( Call { Receive_Long_Distance { L, In_Progress ) ,
tl)
| Call { Start_Long_Distance { L, Connected ) ,
tl)y ) o))
& FORALL t3 Time,
L+ Connection { Call ( Start_Talk 2 (L, Talk ) , t)
- EXISTS t13 Time ( t1 <t
& Call { Start_Long_Distance ( L, Connected } , t1) )
& FORALL t: Time,
Ls Connection { Call { Start_Long_Distance { L, Connected ) ,

Figure 3-3: formatted form of what was entered

FORALL t¢ Time,
L+ Connection,
S¢ Connection_Status { { Call { Receive_Long_Distance (L, §) ,t )
=> 5= In_Progress }
& { Call { Start_Long_Distance (L, 5) , t)
=> 5 = Connected )
& ( Call { Start_Talk 2 {(L,S),t)
= S=Talk)
& ( Call { Terminate_ LD Call 2 (L,S5) ,t)
=> 5= fvailable ) )}
& FORALL t: Time,
L+ Connection ( Call ( Terminate_LD_Call_2 { L, Available } , t )
->  EXISTS t1y Time ( t1 <t
& ( Call { Receive_Long_ Distance ( L, In_Progress ) ,
tl)
| Call { Start_Long_Distance { L, Connected ) ,
tl) ) o))
& FORALL t: Time,
L+ Connection { Call ¢ Start_Talk 2 (L, Talk } , t )
-> EXISTS t1y Time ( t1 <t
& Call { Start_Long_Distance { L, Connected } , t1) )
& FORALL t3 Time,
L+ Connection { Call { Start_Long_Distance { L, Connected ) , t )

Figure 3-4: formatted form of what was desired



3.5. OK and Parse Error buttons

After formatting,the ‘OK’ button may updatevariousinternalitems, suchas symbol tables,
etc. In most cases, this information is updated in the parseitisetext is syntacticallyincorrect,the
actions of the update are undefined. For this reason, the user is not allowed O iessen thetext
is in sucha state. It may still be desirable,however,to be able to incorporatethe changesso the
specificationcan be saved. For this purpose,the ‘Parse Error’ button is available. The ‘Parse
Error’ button basically says “update this sectionwith the understandingthat it is grammatically
incorrect”. The SDE does not correct any errors but either transforms the text into “Telld&ed by
the editor text embeddedvithin a single commentin well formedformula sectionsor for nameswill
replace what was entered with ‘Default_Name’. ASTRd#desnot supportembeddedcommentsso ‘/*
*/' pairs are changed to ‘BEGINCOMMENT ENDCOMMENT’ tavoid this situation. Whenthe text

is edited in the future, these delimiters must be manually changed back to ‘/* */' pairs.

4. Insert New.. menu

The editor is usedto changethe text of items alreadyin existence. It cannot, however,
manipulatethe internal structureof the current specificationor composition. For this purpose,the
‘Insert New.. and ‘Remove Selected.. menus are available. Infsert New.. allows the userto
addvarioustypesof items to the currentnavigationobject. The choicesinclude specifications,call
generatiorclauses,processeslevels, transitions, further assumptionssectionsand except-exitpairs.
Objects can only be addedwhen the navigation window is at the appropriatelevel. To add a
specificationor call generationclause the window must be at the compositionlevel. Note that the
insert specification option is actually a misnomd@rhis button brings up the load dialog box (section
7), since when performing a compositionisitassumedhat the specificationsbeing composedalready
exist. To adda processthe navigationwindow must be at the specificationlevel. To adda level, it
must beat the procesdevel. For transitionsor further assumptionsections,it must be at the level
level and for except-exit pairs, it must be at the transition level. Irodgrlocation, the choiceswill
be grayed in the ‘Insert New.. menu. In figure 4 below, ‘PROCESS in Current
Specification' is the only option availableso the navigation window at this time was at the
specification level. When adding a new procésegl, or transition, the usercan chooseto copy from
an existing item. For example, when adding a process level that refines another level, it raagigrbe
for the specificationwriter to copy from the level being refined andthen just updatethe portionsthat
needchangingratherthan rewriting the entire level which may introduce unnecessarynconsistencies.
To copy an item, select that item in the navigation windowthad insertan object of the sametype.

An insertion box is displayed with areas to enter varimarmes. After enteringthis information, press



the ‘copy from .. button to completethe operation. Note that any informationfields left blank or

that are syntactically incorrect will become ‘Default Name’.

Insert Mew,. I Remowve Selected,. Actic

Figure 4: the Insert New.. menu

5 Remove Selected.. menu

The'Remove Selected.. buttonworks in a similar fashionto the insertion button. To
remove an item, select it in the navigation window and clRémove Selected.. Then choosethe
ungrayed option which applies whatis selected. If nothingis selectedor if the selectioncannotbe
removed, no option will bavailablein this menu. Theremust alwaysbe at leastone objectof each
type at the appropriate level. An item cannotdrmovedif it causeghis restrictionto be broken. In
figure 5, all options are grayed so either the selected item is not ¢ine afoicesor it is the “last” of
its kind. Beforeactually removingan object, the SDE displaysa dialog box requestingconfirmation.

‘OK’ proceeds with the removal an@ancel aborts the operation.

Eemove Selected,. Ac

Figure 5: the Remove Selected.. menu
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6. Compose/Build

The ‘Composé button LI setsthe SDE into compositionmode. Therearethreeeffects
this has on the SDE. First, the composition level is made accessthkeniavigationhierarchyas the
new root. This level containsspecifications,call generationclauses,types, defines,constants,and
axioms. Whenthe ‘Composé button is first pressedthe current specificationbecomesthe first
specification of the composition and an empty call generationclauseis addedfor each exported
transition. Similar clausesare addedwhen other specificationsare loaded in using the ‘Insert
New..SPECIFICATION in Current Composition’ button. Secondly, the ‘Generate
composition proof obligations to file..” actionis madeavailablein the ‘Actions..” menu
(section 13). Finally, theComposeé button becomeghe ‘Build’ button, describedbelow. Whena
savedcompositionis loadedfrom a file, compositionmodeis set automatically. Note that when
validating a composition, it may not be possible to correct eeeoy that appearsvithout eliminating
all nameconflicts. Identifierswhich havethe samemeaningacrossspecificationsdo not needto be
explicitly changed to avoid conflicts since duplicates will be removed b\Bihil® procedure. In this
case,however,the usermay receive error messagesuch as: ‘WARNING: id “..."” declaredin
specification®...” conflicts with declarationin specification“...” -- assumingfirst declaration...types
incompatible (a_type/a_type)'. Messages in this fornerea type incompatibility is reportedbut the
two typesgiven in parenthesebhavethe samenameusually signifies that the messagecan be safely

ignored.

The ‘Build’ button M takesthe information providedin the call generationand related
clausesof the composition level, along with the specificationsbeing composed,and builds the
compositespecificationas describedin [CK 93]. This procedurecan only be invoked if all call
generation clauses reference an existing transitiportedfrom an existing processandthe formulais
in the correct form (as indicatdyy the validation procedure). Although a large portion of the changes
required couldbe incorporatedautomatically,someof them could not. Specifically, the following ae
done:

* Newly “unexported” transitions are removed from the corresponding process’s export clause.
» Allreferences to unexported transition calls in local and global scheahdesvariantsare replaced
by the corresponding “equivalent” formulas constructed from the call generation clauses.

» All parameterareremovedfrom namesof unexportedtransitionsand are replacedin the entry-

except/exit text by the parameters given in the corresponding call generation clause.
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e The “existential version” of eachcall generatiorformulais addedto the relatedtransition’s entry-
except clauses and also to the exit clauses if the transition formerly had parafletaedevantid
of the formula is “frozento “self”. For example the call generatiorformula: FORALL t:time,
c.central_contral_id, p:phone_id (c.LDOut... <-> c.call(..., t)) is changedto: EXISTS t:time,
c:central_control_id, p:phone_id (c = self & c.LDOut...) and added to thappropriatecentral_control
transition.

e Any global constantstypes, defines,or processinstanceausedin the call generationclausesof a
process are imported by that process if not already imported.

e Any variables of other processes used in the call generation clauses of a process are imported by that
process.

e The processeslause of the new global specificationis set to the processesclause of the
composition.

« Global types, defines, and constants of all specifications and the compasitzmmbinedto form
the corresponding clauses in the new glapedcificationwith duplicatesremoved. Note that it is
important for the user to verify that any declaratiothiesesectionswhich producenameconflicts
in validation are identical acrossspecificationsbecausethe build procedureonly keepsthe first
instance of any declaration it finds in each section.

e Global axioms,invariants,andscheduleof all specificationsare combined(via conjunction)to
form the corresponding clauses in the new global specification.

e All processes of all specifications are added to the new specification.

The following arenot done:

« Removal of calls to unexported transitions and related formulas in global and local environments.

e Addition of old environmentto new importedvariablesclausein any processwith a relevantcall
generation clause.

e Changeof namesin new specificationwhich involve namesdiffering betweenthe old global
processesectionsand the composition processesection (e.g. a specificationcontainsPhones:
array[0..N] of Phone, buhe compositionhas Another_Namearray[0..N]of Phone,so “Phones”

needs to be changed to “Another_Name” throughout the new specification)

7. File.. menu

Throughout the editing process, the user mish to savethe currentnavigationobject, load a
different file, or begin on a new specification entirely. The file name ofthentnavigationobjectis
always displayed in theCurrent File’ box (figure 7-1)at the bottom of the SDE. If the navigation

object is not yet associated with a file (i.e. has not been loaded or savib@ &s) displays‘No File'.

12



The File..” menu (figure 7-2) has five optionsNéw sets the SDE into specification mode, loauas
empty specification and clears the file name b&ave saves the curremavigationobjectto the file

name shown. This option will be grayed if the file name box contains ‘No Filés. aliso unavailable
if read-only mode (section 8) has been s8ave as..sets the current file to thpathnameselectedn

the file selection box discussed below and then perforr8avg. ‘Load’ brings up the file selection
box and the file chosen is loaded into the navigation window and beconmmasrietnavigationobject.
Finally, ‘Quit’ exits the SDE.

Current Files ‘ to File

Figure 7-1: the current file box

Whenever the current navigation objéets beenmodified sincethe last new, load, or save,the
SDE displays ‘SPECIFICATION NOT SAVED’ or ‘COMPOSITION NOT SAVED'’ next to the
navigation window label as well as next to the options in the file menu that mighttbeudengego
be lost (i.e. New, ‘Load..’, ‘Quit’). If oneof theseoptionsis chosenthe SDE popsup a dialog
box requestingconfirmationof the operation. If ‘OK’ is pressedany changesare lost. ‘Cancefl

aborts the operation and allows the user to save the changes.

Save as, .
Load, .
Ouit

Figure 7-2: the File.. menu

Whenever Load..” or ‘Save as!.is selected, the file selection box (figure3) popsup. The
purpose of this box is to select the full pathname of either an existing file or one to be created. The box
is divided into five sections: filter, directory, files, selection, and varitns. ‘Selectiori shows
the full pathnameof the box’s currentworking directory. ‘Directory’ showsall directoriesin that
directory. Filter’ is the pathnameof the working directory plus a mask (using the standardashell *?’
and'*" wildcards)that determineswhich files in the working directoryareto be displayedin the files
area. Files shows all files in the working directory that match the filter. As can be sdleof these
items are interconnectedaroundthe currentworking directory. Wheneverthe working directory is
changed, all of them are updated to reflect the champe.working directory canbe changedn several
ways. The most commonmethodis to doubleclick on one of the directorieslisted in the directories

area. The otherway is to edit the pathnamein the filter areaand pressthe ‘Filter’ button. The
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directory enteredin this box becomesthe working directory. The filter and files areaare also
interconnectediroundthe file mask. Whenthe filter button is pressedthe files areawill reflect the

newest mask as well as the new directory, if any.

Filter

Apkasskolanosastral fastral 7o#%

Directories Files

o = ccitr_21ew
. GRC
fAgrammar Makefile
Finterface Phorne_A
#lib Phione_E
raro Phone_Comp
TSE_Fhone

L | appa
| S =R S "

Selection

I 1/pkg=rkolanosastral fastralys I

| Load I FiltBPI Eancell

Figure 7-3: the file selection box

When the pathname in the selection area is\flraeof a file insteadof a directory,the ‘Load’
and ‘Save buttons (depending on which option in the file menu was chosen) are used to Szaetor
that file. A file is chosenby either manually enteringthe full pathnamento the selectionareaor by
clicking on one of the file namesin the files areawhich will automaticallyupdatethe selectionarea
pathname to that file. A useful shortcut is to double click on the file in the files area causing the default

action (load or save) to be enacted.

8. Options.. menu

The ‘Options..” menu, at present, contains four items as shown in figurél ‘Read-only
mode€ option toggleswrite protectionon the currentnavigationobject. It is akin to the read-only
option in vi wherebythe SDE performsas usual, but work canonly be savedwith the *Save as.!
button (i.e. it doesn’t allow quickave). The‘Savé buttonis grayedandunavailable. This modeis
toggled automatically if a loaded file is not writable. If read-only is turned off, the SDE will stilldhave
record of whether the current navigation object has been changed either before read-satpwasile

it was set. Thus, the normal ‘... NOT SAVED’ warningdl be shownwith respectto whenthe file
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was first loaded or last saved to. Read-anlydeis resetwhenever New', ‘Load..’, or ‘Save as.!

is executed.

Optionz, . I

Read-only mode

Print in portrait mode

# Print in landscape mode

Print in landscape mode {2 pages per zided

Figure 8: the Options.. menu

The other three items are mutually exclusive print options which determine the commatal used
print when the Dump current work to default printer..’ button (section 13) igressed. ‘Print
in landscape mode is the defaultoption which selects‘wide” printing using ‘enscript-rq’. Two
landscape pages can be printed on each side Wimg in landscape mode(2 pages per side)
which invokes the command‘mpage -2IHfP-’ pipedto ‘Ipr'. ‘Print in portrait mode selects
standardorinting using ‘lpr’.  This option is recommendednly if neither ‘mpage’ nor ‘enscript’ is
available, sincavell formedformulasoften exceed30 charactersn width but arerarely morethanthe

132 characters of landscape mode.

9. Last Event and Instant Help

Throughoutthe useof the SDE, the ‘Last Event’ box at the bottom of the SDE (figure 9),
will be constantly updated to display significant events that were just endeteegxample,when read-
only mode isenteredthe messageRead-OnlyMode Entered’is displayed. The ‘Instant Help’ box
displaysoneline help messagesvhenavailable. For example,if one of the ‘Inspect Selected.’.
buttonsis held down andthe pointeris movedover one of the options, the ‘Instant Help’ box is

updated to display the action that will be performed if the option pointed to is chosen.

Tnatant. Help: | Main Parel, Click on any control to get help abaut it, |

Last. Event. | ASTRAL Integrated Development Erwirorment alpha test 0,9; Ready, |

Figure 9: the Instant Help and Last Event boxes

10. Browsers

The process,transition, and variable browsers(figure 10-1) enablethe userto view various

relationshipsbetweenthe threetypesof items. It is still not clearexactly what impactthe browsers
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will have on the specification writing process. It is clear, however, that there will certaimgtheces
whenthe usermay wish to know which processesmport a particularvariable, which transitionsset
variablesset by a selectedransitionor any other numberof relationshipsthat may be helpful at a
particular moment. Uncoverirguchrelationshipsby hand,however,is a dauntingtask at best. The
browsersareableto makeuseof the symbol tablesmaintainedduring editing to easily ascertainand

display the appropriate information.

Variable, Transition and Process Browsers

Of fhook

[Top_Lewel]l Dialtone
[Top_Lewell Ring
[Top_Levell Ringback
[Top_Level]l Busytone
[Top_Lewvell Mext_Digit

Wariable

Brouser Inspect Selected Variable,,

[Top_Lewvell Pickup

Transition

Brouser Inspect Selected Tranzition..

Central_Control

Process

R Inspect Selected Process.,.

Figure 10-1: the browsers

To begin the query process from scratch, the sslerctsAll Processeslefined under‘ Inspect
Selected Process.. This option is the only one which doesnot requirea particularitem to be
highlightedbeforeuse and can be usedat any time to restartfrom scratch. In specificationmode, it
displays a list of all processes defined in the current specificatnohin compositionmode,it displays
all processes in all specifications of the curemnpositioninside the processbrowserwindow. After
this, all items are queriedin the sameway. First, an item is selectedin the appropriatebrowser
window. Then, thelhspect Selected:.button beneaththat window is pressed. At this point, the
list of predefined queries @isplayed. Figure 10-2, 10-3, and 10-4 display the queriesavailablein the

browsers and the exact nature of the information shown for each is given in the appendix.
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Figure 10-2: variable browser queries

Figure 10-3: transition browser queries

Figure 10-4: process browser queries
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Anotherfeatureof the browsersis that double clicking on a particularitem will “warp” the
navigation window to docation associatedvith thatitem. For processesthe window will go to the
processlevel of that process. For transitions,the window will go to the actual transition itself.
Finally, for variables,the window will jump to the ‘VARIABLE' sectionof the level of the variable
selected. Whenever a process, level, or transisiaemoved,browseritems which are relatedto those
objectsare deletedfrom the appropriatebrowserlists. Figure 10-1 showsa samplebrowsersession.
Note that variable and transitions are displayed in the fijerel_name]item_name'wherelevel _name
is the level the item wasdeclaredat. Different queriesusethe level information in various ways as

indicated in the appendix.

The browsers are not fully accurate. They merely allow the specification writer to alafairk
and for the most part accurate approximation of the queries desired. Theotadstinaccuracyis that
definesare currently not takeninto accountwhenany use/setqueriesareissued. In otherwords, if a
define uses a variable and the transition proceeds to use the define, that variatdeskitiw up in the
browser. Although this simple casecould be handled,one could easily imagine definesusing defines
using defines, etc. such that the chain would be difficult if not impossible to follow brokesersalso
cannot, for obvious reasons, take into account user esuatsas misspellingsor missing declarations,

etc. but these types of errors are within the domain of the validation procedure.

11. Validation

One of the most valuabletools that the SDE hasto offer is the validation mechanism. The
validation procedure performs type and scope checkirgpohsectionin the currentnavigationobject.
It also does a few other simple checks such as warning of primed variables which iare constraint
clause or the exit claugd a transition. When a specificationvalidateswithout error, it indicatesthat
the specification may be ready for the next stage in its development, neonslgtencyproofs (section
13). Similarly, when a composition validates without error, it may be rédye constructionof the

new composite specification (section 6).

The main strengthof validationis when there are errorsin the specification. The procedure
provides a user friendly way to quickigcateand“warp” to the errorsin the navigationwindow. The

‘Validation Results’ window (figure 11 the feedbackthe userreceivesafter pressingthe ‘Validate’

button M There are 3 types of results that may appear intimdow. The most commontype
of messagels of the form ‘line XX in <section_name>: <error>" where XX is a number,

<section_name> is either a transition name or section name, and <erratring &ndicatingthe exact
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problem found. Any message of this form can be double clicked othamdvigationwindow will go

to the given location and highlight the offendingline. Oncea sectionis changed,however,the line

number may be invalid. As was the case with the editor, the line number may also be offibgtone

the way the parsercomputesits line numbers. Another messageis of the form ‘line ?7? in
<section_name>: <error>'. In this case, it is ole@rexactlywhatline numberthe error occurredat.

For example, name conflicts when validating compositions may be associated with a number of different
sections. Validation will reportine ??in <composition_name>:WARNING: nameconflict -- ...".

Double clicking on this type of messagenovesthe navigationwindow to line 1 of the appropriate

section. Finally, the least common messagreshosesurroundedy “—* which indicateinformation

that is not associatedvith any sectionin particular,usually a report on the statusof the validation

procedure. Double clicking on these items has no effect.

—- Validating Specification TSE_Phone_System —-

line 4 in ENVIROWMENT: id "SETSIZE" referenced in wff iz undefined,

line 4 in ENYIROMMEMT: --assuming tupe Boolean,

line 4 in ENVIROMMENT: left operand of relational operator is not a number,

-- Yalidating Process Central_Control —-

line 3 in IMPORTED VARIAELE: id "SETSIZE" referenced in wff iz undefined,

line 3 in IMPORTED YARIABLE: -—-assuming type Boolean,

line 3 in IMPORTED YARIABLE: left operand of relational operator iz not a number,

—- Validating Level Top_Level —-

line 5 in YARIAELE: wariable "Connected” multiply defined

line 9 in IEFINE: define "Calling" multiply defined

line 4 in INITIAL: operands of equality operator are not compatible (Digit_List/Emptyl,
line 9 in INVARIANT: id "Connected” referenced in wff iz nultiply defined,

line 9 in INVARIANT: --assuming type Boolean,
line 9
line 11

o —
] -

Figure 11: the Validation Results window

in INVARIANT: parameter given does not match declared parameter type in wariable "Phon
in INVARIANT: id "Cornected" referenced in wff iz nultiply defined,

The ‘Dump to File’ button copies all thenformationfrom the validationwindow to the file
‘error.output’ so the user may peruse the results off-line. If the file already exists, a warniappeslt
andrequestconfirmationbeforethe file is overwritten. The ‘OK’ button brings down the validation

window.

12. Search

Sinceit is oftentimesthe casethat a mistake madein one location is similarly repeated

elsewhere, the searghocedureprovidesa convenientway to replacemultiple occurrence®f the same
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validationerror. The errorsthat are most suitedfor this type of repairarethosethat involve simple

identifier problemssuchas nameconflicts in compositionvalidation. The ‘Search button S_“I
brings up the searchandreplacebox shownin figure 12. This box allows the userto searchfor the
regular expression currently appearing in fhi@d regular expression! box in all namesandtext
of the current navigation object. The reguapressiorsyntaxsupporteds equivalentto that usedby

the emacs search routines described in the emacs user’'s manual.

Find reqular expreszion:

Replace withz

4 Search all lewels
w  Search below current level
T Mew search

Find next

Replace all

I
Replace then find I
I
I

Cancel

Figure 12: the search and replace box

12.1. Search options

The current navigation object can be searched either in its entirety or from only thosatievels
below the level shown in the navigation window. TBearch all levelsoption chooses théormer
while the Search below current level' chooseghe latter. Note that thesetwo optionsareonly
applicable whenNew searchis set and one of the search actions is perforn@therwise the search
performs by how the options weset whenthe searchwasfirst initiated with a ‘New search. The
‘New search option can be toggled and will only initiate a new search with the options givenitvhen
is setanda searchactionis invoked, at which time it will be automaticallydisabled. Note that this

option is assumed and need not be set explicitly forRleplace all action.
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12.2. Search actions

All search actions are performed with respect to the options selebttthe currentsearchwas
first initiated as described in the previous sectidfind next’ searchegor the next occurrenceof the
currentregularexpression. ‘ Replace then find’ replaceshe last occurrenceof the currentregular
expressiorwith the currentreplacementext locatedin the ‘Replace with:’ box andthen finds and
displays the next match. Noteat if the text that the last occurrencevasfoundin hasbeenmodified
using the editor sincethe last searchandthe currentregularexpressiomo longer occursat the same
location as it did, thisctionbecomesa ‘Find next. ‘Replace all’ replacesall occurrence®f the
currentregularexpressiorwith the currentreplacementext accordingto the searchoptions selected.
The usershouldbe cautiousaboutthe regular expressionusedwith the ‘Replace all’ action. To
illustrate, suppose there are twimilar identifiers: “phone_id"and“set_of phone_id". The usermay
think to usethe regularexpressiori[*a-zA-Z0-9_Jphone_id"so that only “phone_id"is replaced. The
problem is that nobnly will “phone_id” be replaced but also the non-alphanumericharacter["a-zA-
Z0-9 ) preceding it which isnost likely an undesirecconsequencelf thereis a conflict suchasthis
example,it is saferto use‘Replace then find’ to replace“phone_id” and ‘Find next’ to ignore
“set_of phone_id". Both replacementactionswill abortif the currentreplacementext causesa parse
error within the text but any replacements up to the appeararice efror will stay replaced. In other
words, there is no option to “unreplace” tteplacementshat occurredup to the point of the error. If
the new text is syntactically acceptable, it will be automatically reformaftedany replacementfave

occurred. Cancel brings down the search box while keeping the current settings.

13. Actions.. menu

To completethe specificationwriting processthe usermay wish to obtain a printout of the
currentnavigationobject or to generatethe proof obligations necessaryto prove consistency. The
format of an SDE savedfile is not equivalentto just the text displayedin the various navigation

windows, sinceit also containsother characters¢o help with sectionseparationgetc. The ‘Dump

work to file..” and‘Dump work to default printer..’ buttons in the ‘Actions..” menu
(figure 13) producethe equivalenttext version of the current navigationobject. ‘Dump work to
file..” producesafile called‘spec.output’if the SDE is in specificationmode or ‘comp.output’in
composition mode. Thesefiles will be placedin the directorythe SDE wasinitialized in. The SDE
will warn the userif the files alreadyexist so they can be moved out of harmsway if desired.
Otherwise, the files will b@verwritten. The ‘Dump work to default printer..’ button usesthe
command associated withe currentprint option (section8) to print the currentnavigationobjecton

the default printer. Generate intralevel proof obligations to file..” constructghe intralevel
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proofs describedin [CKM 94] and outputs them to the file ‘intra.output’. Similarly, ‘Generate

interlevel proof obligations to file..” constructsthe interlevel proofs from [CKM 95] and
outputs them to ‘inter.output’. In order to generateitterlevel proofs, the currentspecificationmust
be valid or in the case of compositions, each specification must bgatfidughthe full composition
itself is not requiredto be valid). The‘Generate composition proof obligations to file..’
buttonis only availablewhen the SDE is in compositionmode. This action producesthe proofs
described in [CK 93] and saves them in the file ‘comp_proofs.outgtitially, ‘About ASTRAL..’

displays miscellaneous information about the SDE.

Actions, . | Options,.

Dump current work to file,.

DIump current work to default printer,.
Generate intralevel proof obligationz to file,.
Generate interlewel proof obligations to file,.

. . . - i . . ]
Pagrrugmeniaitgr sarvaneneadny By swen fuareend eeFy i v eszzitwoeaenen Den 4w i
EpsEEERe R Y Y 6 pAICRET RELD TAM AT A9 ¥3 8.

About ASTRAL. .

Figure 13: the Actions.. menu
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Appendix

1. Process browser queries

‘Variables declared in or imported by Sdected Process
Display all variables declarad all levels of the selectedbrocessalong with importedvariables

that are exported by another process.

‘Variablesimported or exported by Selected Process
Display all variables which are declared in the top level of the selected process and extpoged

with all imported variables that are exported by another process.

‘Variables declared in but not exported by Selected Process
Display all variables declared in the top level of the selected process which are not exipoged

with all variables declared in levels below the top level.

‘Transitions declared in or imported by Sdlected Process
Display all transitions declaredin all levels of the selectedprocessalong with imported

transitions that are exported by another process.

‘Transitions exported by Selected Process

Display all transitions declared in the top level of the selected process and which are exported.

‘Transitions using Variables imported or exported by Selected Process

For eachvariabledeclaredn the top level of the selectedprocessand exportedalong with all
imported variablesthat are exportedby anotherprocess,for eachprocessimporting the variable (or
declaring and exporting it), display all transitions in all levels (top levblth havethe variablein their

entry/except or exit text.
‘Transitions declared in but not exported by Selected Process

Display all transitionsdeclaredn the top level of the selectedorocesswhich are not exported

along with all transitions declared in levels below the top level.
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‘Processesimporting Variables exported by Selected Process

Display all processes that import at least one variable exported by the selected process.

‘Processes exporting Variables imported by Selected Process

Display all processes that export at least one variable imported by the selected process.

‘Processes importing Variables imported by Selected Process

Display all processes that import at least one variable also imported by the selected process.

‘Processes importing Transitions exported by Selected Process

Display all processes that import at least one transition exported by the selected process.

‘Processes exporting Transitions imported by Selected Process

Display all processes that export at least one transition imported by the selected process.

‘Processes importing Transitions imported by Selected Process

Display all processes that import at least one transition also imported by the selected process.

* All Processes Defined’

Display all processes defined in the current specification regardless of what is selected.

2. Transition browser queries

‘Variables used in entry/except clauses of Selected Transition’
Display all variablesdeclaredn the samelevel as the selectedtransition or imported by the

process the transition resides in which appear in the entry/except text of the selected transition.
‘Variables used in exit clauses of Selected Transition’

Display all variablesdeclaredn the samelevel as the selectedtransition or imported by the

process the transition resides in which appear in the exit text of the selected transition.

24



‘Variables in the scope of but not used by Selected Transition’
Display all variablesdeclaredn the samelevel as the selectedtransition or imported by the
processthe transition residesin which do not appearin the entry/exceptor exit text of the selected

transition.

‘Transitions using Variables used by Selected Transition’

For eachvariablein the entry/excepbor exit text of the selectedtransition, if the variableis
imported by the process the transition resides in othidigbeendeclaredn the top level of that process
andexported,thenfor eachprocessimporting the variable (or declaringand exportingit), display all
transitions inall levels (top level) which havethe variablein their entry/excepor exit text; otherwise,
display all transitions declared in the same level as the selected tramgit@dnhavethe variablein their

entry/except or exit text.

‘Transitions using Variables set by Selected Transition’

For each unprimed variable in the etakt of the selectedransition, if the variableis imported
by the processhe transitionresidesin or if it has beendeclaredin the top level of that processand
exported, then for each processimporting the variable (or declaring and exporting it), display all
transitions inall levels (top level) which havethe variablein their entry/excepbor exit text; otherwise,
display all transitions declared in the same level as the selected tramgit@dnhavethe variablein their

entry/except or exit text.

‘Transitions setting Variables used by Selected Transition’

For eachvariablein the entry/excepbor exit text of the selectedtransition, if the variableis
imported by the process the transition resides in othidigbeendeclaredn the top level of that process
andexported,thenfor eachprocessimporting the variable (or declaringand exportingit), display all
transitions in all levels (top level) which have the unprimed variabtbeir exit text; otherwise display
all transitionsdeclaredn the samelevel asthe selectedransitionwhich havethe unprimedvariable in

their exit text.

‘Transitions setting Variables set by Selected Transition’

For each unprimed variable in the etakt of the selectedransition, if the variableis imported
by the processhe transitionresidesin or if it has beendeclaredin the top level of that processand
exported, then for each processimporting the variable (or declaring and exporting it), display all
transitions in all levels (top level) which have the unprimed variabtbeir exit text; otherwise display
all transitionsdeclaredn the samelevel asthe selectedransitionwhich havethe unprimedvariable in

their exit text.
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‘Processes importing Variables used by Selected Transition’
For eachvariablein the entry/excepbor exit text of the selectedtransition, if the variableis
imported by the process the transition resides in otidigbeendeclaredn the top level of that process

and exported, then display all processes that import that variable.

‘Processes importing Variables set by Selected Transition’
For each unprimed variable in the etakt of the selectedransition, if the variableis imported
by the processhe transitionresidesin or if it has beendeclaredin the top level of that processand

exported, then display all processes that import that variable.

‘Processes exporting Variables used by Sdlected Transition’
For eachvariablein the entry/excepbor exit text of the selectedtransition, if the variableis
imported by the process the transition resides in otidigbeendeclaredn the top level of that process

and exported, then display the process that exports that variable.

‘Processes exporting Variables set by Selected Transition’
For each unprimed variable in the etakt of the selectedransition, if the variableis imported
by the processhe transitionresidesin or if it has beendeclaredin the top level of that processand

exported, then display the process that exports that variable.

3. Variable browser queries

‘Transitions using Selected Variable in an entry/except clause’

Display all transitionsdeclaredn the samelevel asthe selectedvariable that haveit in their
entry/except text and if the variable is in the top level and expbstate processt residesin, thenalso
display transitionsin all levels of processeghat import the variable and which have it in their

entry/except text.

‘Transitions using Selected Variablein an exit clause’
Display all transitions declared in the same level as the selected varialflavbdtin their exit
text andif the variableis in the top level andexportedby the processit residesin, then also display

transitions in all levels of processes that import the variable and which have it in their exit text.
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‘Transitions that have Selected Variablein their scope but do not useit’
Display all transitionsdeclaredn the samelevel asthe selectedvariablethat do not haveit in
their entry/except or exit text and if the variablénishe top level andexportedby the processt resides
in, then also display transitions in all levels of processes that import the variable and which do not have it

in their entry/except or exit text.

‘Processesimporting Selected Variabl€
If the selectedvariableis in the top level of the processit residesin andis exportedby that

process, then display all processes that import that variable.
‘Process exporting Selected Variable

If the selectedvariableis in the top level of the processit residesin andis exportedby that

process, then display that process.
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